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Abstract 
The total suspended particulates (TSP) have been sampled at both shoulders of the west exit of the Shanghai-Nanjing 
expressway near Nanjing city from October to December, 2010. The concentrations of cadmium, chromium, nickel, 
lead and zinc metals were determined in the TSP by Microwave Digestion and Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES) Method. Result showed that the daily average concentrations of TSP in 
atmosphere at the sampling sites were all far out the "Ambient Air Quality Standard of China". The cadmium, 
chromium, nickel, lead and zinc metals in all TSP samples have been already polluted at different levels. The space-
time variations of all tested heavy metals were different too. There existed very significant power correlation between 
the chromium and nickel, cadmium and chromium, cadmium and nickel, cadmium and zinc, chromium and zinc, 
respectively. It indicated that the air quality along Shanghai-Nanjing expressway is serious bad and causes a health 
hazard to the surrounding villages. 
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1. Introduction 
The highway plays a very important role in accelerating the development of regional economy, while it 
has much influence on the environment nearby in its construction and operation phases. The influence 
includes noise pollution, water pollution, air pollution, ecological disturbance and others. With the 
consideration to the overall atmosphere, the air quality along highways has aroused wide concern. Field 
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studies have been undertaken to determine the Carbon monoxide (CO2), Nitrogen dioxide (NO2), Total 
suspended particles (TSP), Sulphur dioxide (SO2), and even heavy metals in the roadside air [1, 2]. The 
substances listed above can cause health problems, including burning eyes and nose, itchy irritated throat 
and breathing problems [3]. Unlike other pollutants, heavy metals have accumulation effect which can be 
transferred through food-chains in a long process [4]. Many recent studies report that more and more 
people, not only those who dwell along highways but also the people living aside highways, experience 
chronic respiratory symptoms, lung function decrements, and asthma [5-7].  The air pollution along 
highways has been well studied in the Europe, USA, and other developed countries and areas. Recent data 
has showed that the motor vehicles have become the main source of air pollution in large cities with heavy 
traffic [8]. With the rapid increase of motor vehicles and highway construction, more and more associated 
pollutants along highways have caused serious problems to the environment, animals, plants, and people 
as well.  
With the concern to food safety in China, most researches in recent years focused on the concentration 
and distribution of heavy metals in roadside soils and agriculture products. On the other hand, few studies 
have concerned to the concentration and distribution of heavy metals in roadside air. In this study, the 
concentrations of total suspended particulates (TSP) and heavy metals including cadmium, chromium, 
nickel, lead and zinc at a busy expressway of Nanjing city were measured and analyzed.  
2. Materials and Methods 
2.1. The study area 
Nanjing city is a big city in the Yangtze River delta area which is one of the most developed areas in 
China. As the provincial capital of Jiangsu province, Nanjing city owns a convenient traffic and 
transportation network which contains railroads, highways, airlines, and water transportation. There are 
many expressways in all directions near the city, making Nanjing an important transportation hub city in 
China.  
The Shanghai-Nanjing expressway is a vital communication line in the Yangtze River delta area which 
connects Shanghai city in the east and Nanjing city in the west. It is one of the busiest roads in the 
Yangtze-River delta area with various sizes and types of motor vehicles passing by every day.  
2.2. The sampling 
Considering the traffic volume on the road and the condition of sampling, the sampling sites were 
selected at the west exit of the Shanghai-Nanjing expressway near Nanjing city. The air samplers were 
put above the north and the south shoulders in the same cross section. The north site was next to the toll 
station office where there was little greening and many cement concrete structures. The south site was 
next to a small village where there were rich brushes and vegetables.  
The TSP was sampled once every 6 to 7 days at both sites from 7:00AM to 19:00PM for 12 hours a 
day during the period from 17th of October, 2010 to 28th of December, 2010 to represent the autumn and 
winter seasons. The sampling day was chosen to avoid rainy day, and after 2 or 3 continuous sunny days. 
A total of 120 samples were obtained finally. The TSP sampling was carried out with a TH-150C model 
of intelligent medium volume TSP samplers with the height of 1.5m and the glass fiber membrane area of 
81cm2. The flow of the sampler was set to 100L/min and the glass fiber membrane was changed every 2 
hours. In addition, the weather condition was recorded every 2 hours in each sampling day. 
The clean glass fiber membranes were put in a thermostatic chamber under the temperature of 26℃ 
and relative humidity of 50% for 24 hours before each sampling. Then, the membranes were weighted 
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(accurate to 0.1mg) and recorded. Afterwards, all sampled membranes were put into numbered bags, 
respectively.  
2.3. The testing 
The glass fiber membranes were put in the thermostatic chamber under the same conditions (26℃, 
50%) for 24 hours after each sampling and then weighed (accurate to 0.1mg) and recorded again. The 
weight difference before and after each sampling was the net weight of the sampled TSP.  
Dust membranes were processed with Microwave Digestion and Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES) Method. The whole process was divided into four steps. Firstly, one 
eighth of the dust membrane was cut off and put into the polytetrafluoroethylene (PTEF) digestion tank 
carefully. The small fragments of dust membrane can generally be digested completely. Secondly, 5 ml of 
nitric acid (analytical reagent) and 2 ml hydrogen peroxide (30%) were added in the PTEF digestion tank. 
In order to ensure the accurate result, the membrane fragments must be wet completely with deionized 
water before adding nitric acid and hydrogen peroxide. Thirdly, after 15 min, the lid on digestion tanks 
was screwed and the sample was put into the microwave digestion system. About 1 hour was needed for 
the whole process with 4 phases of working processes, which were 2 min holding time under 0.5MPa and 
170℃, 2 min under 0.8MPa and 190℃, 2 min under 1.0MPa and 190℃, and 6 min under 1.5MPa and 
210℃. This digestion method was proved accurate for extracting the total heavy metals in TSP [9]. 
Afterwards, these digestion tanks were taken out and 25ml deionized water was added into a comparison 
tube after the pressure and the temperature had gone down. A blank assay was done at the same time. The 
digested samples were stored in fridges under the temperature of 0 to 4℃. The concentrations of 
cadmium, chromium, nickel, lead and zinc metals were determined with a 4300 DV model of inductively 
coupled plasma atomic emission spectrometer (ICP-AES) while all sampled membranes had been 
digested.  
3. Results and discussion   
3.1. Analysis of TSP 
The concentrations of TSP (daily average) at the south and north sampling sites of the Shanghai-
Nanjing expressway in sampling months are shown in Table 1. 
Table 1. The daily average concentrations of TSP （mg m-3） in atmosphere from Shanghai-Nanjing expressway 
Area October November December Average 
North sampling site 0.691914 1.107465 1.5876568 1.129012 
South sampling site 0.38141 1.082823 1.4041392 0.956124 
Average  0.536662 1.095144 1.495898  
Secondary limits 0.3 0.3 0.3 0.3 
Table 1 shows the variance of TSP pollution from both sampling sites. The TSP pollution at the north 
site in all sampling months seems much more serious than at the south site. The TSP concentrations in 
each month seem different too. The TSP concentrations in the three months can be ranked as: 
December > November > October.  
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Because the sampling sites were located near villages and farmlands, the secondary limits should be 
chosen for comparison. According to the ―Ambient Air Quality Standard‖ (GB3095-1996) [10] in China, 
as shown in Table 1, the TSP pollutions in atmosphere at both sites are far out of the standard limits. The 
air quality on both roadsides of the study area is very bad, with a high healthy risk to the people dwelling 
and working nearby.  
This TSP pollution distribution may be resulted from two reasons. Firstly, the surroundings of the two 
sampling sites are different. There was little greening at the north sampling site near the toll station office 
and cement concrete grounds. But there were rich brushes and vegetables at the south sampling site near a 
small village. Obviously, the vegetables were beneficial to adsorb dust. Secondly, the climatic conditions 
in autumn and winter in Nanjing are different. In autumn, the temperature is comparatively high and the 
weather is unstable, which are helpful to the diffusion and transference of pollutants in the air. In winter, 
on the other hand, the temperature is low and the atmospheric turbulence and convective is weaker, 
against the diffusion and transference of pollutants.  
3.2. Analysis of heavy metals 
The concentration levels of heavy metals (maximum, minimum, average and median) in TSP samples 
from the two sampling sites of the Shanghai-Nanjing expressway are shown in Table 2.  
Table 2. Concentration levels of heavy metals (mg m-3) in TSP samples from roadside of Shanghai-Nanjing expressway 
Heavy metals   Cadmium Chromium Nickel Lead Zinc 
North sampling site max 0.5221177 1.265472 1.02653657 1.383161 587.7984 
min -0.00884945 -0.0796451 -0.01219498 0.01547969 0.3048745 
average 0.1128341 0.2559831 0.231819383 0.3373206 111.082 
median 0.08172703 0.1913063 0.163544316 0.2195871 87.45018 
South sampling site max 0.4272677 0.918171 0.778751881 1.943902 419.5172 
min -0.00230412 -0.0833324 -0.0185183 0.01236461 0.4147417 
average 0.1133913 0.2546656 0.228245644 0.3783755 112.9494 
median 0.07435456 0.1702403 0.159690577 0.2619017 82.95277 
It shows that the concentration levels of cadmium, chromium, nickel, lead and zinc are different at 
both sampling sites, and the concentration level of zinc is always the highest in all samples with the 
maximum level reaches 587.7984mg/m3, followed by lead. Compared with the average and median levels, 
the order of pollution levels remains the same. The average metal concentration at both sampling sites can 
be ranked by levels as:  zinc > lead > chromium > nickel > cadmium. However, the pollution extent is not 
the same at both sites. The average levels of lead and zinc in the TSP samples at the south site seem much 
higher than at the north site. And the levels of other three heavy metals seem quite close in the TSP 
samples at both sites. It means that the main heavy metals in TSP at the two sides of the Shanghai-
Nanjing expressway are zinc and lead, and the south side has higher air pollution than the north side. This 
pollution situation is similar to the Cheng-Ya expressway for the heavy metals in TSP on both sides [11]. 
There is no other emission source of heavy metals around the sampling sites, so these heavy metals 
should be associated with the traffic on expressway. When these heavy metals accumulate in soil or on 
the surface of crops with air settlement, the soil and crops, even animals and human being would be 
affected heavily.  
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Table 3 shows the inter-correlations between the levels of any two heavy metals in TSP of the whole 
samples. Good correlations exist between cadmium and chromium (R2=0.9872), cadmium and nickel 
(R2=0.9785), cadmium and zinc (R2=0.9146), chromium and nickel (R2=0.9856), chromium and zinc 
(R2=0.9033), and nickel and zinc (R2=0.8822). The correlation between chromium and nickel from this 
study matches the findings in Christoforidis A. and Stamatis N [12]. Some researches have been reported 
that the correlation between heavy metals is associated with their sources [13, 14]. If the correlation is 
significantly high, the source of these heavy metals would be the same. Table 3 shows a high inter-
correlation among cadmium, chromium, and nickel, indicating that the source of them would be the same.  
Table 3. Inter-element correlations of heavy metals in TSP samples from the whole study area 
Elements Cadmium Chromium Nickel Lead Zinc 
Cadmium 1.0000     
Chromium 0.9872 1.0000    
Nickel 0.9785 0.9856 1.0000   
Lead 0.1617 0.2155 0.2461 1.0000  
Zinc 0.9146 0.9033 0.8822 0.1002 1.0000 
Table 4 shows the distributions of cadmium, chromium, nickel, lead and zinc in TSP in autumn and 
winter (2010) from the whole samples. The data at both sites of the Shanghai-Nanjing expressway does 
not keep the same distributions in autumn and winter. At the north site, except lead, the average 
concentrations of cadmium, chromium, nickel, and zinc in autumn are high compared with in winter. At 
the south site, except zinc, the average concentrations of other four heavy metals are relatively high in 
winter. It is found that in autumn, the air quality at the north side of the expressway is worse than at the 
south side. But in winter, the reverse happens. This is because the weather condition and the traffic are 
different in autumn and in winter, including especially the wind direction, wind speed, temperature and 
moisture. In a word, the air quality of the study area is bad in the sampled seasons. In fact, it would have a 
negative effect on the agriculture and human health in the long-term.  
Table 5 shows the average concentration levels of cadmium, chromium, nickel, lead and zinc in TSP in 
each sampling month. Compared with the variation of TSP at both sites in each month in table 1, the 
concentration levels of these five heavy metals are quite different in each month. The TSP pollution on 
the north side of the expressway seems worse than on the south side. But in table 5, we can see the 
average concentrations of heavy metals are much higher on the north side in October but become lower in 
November and December except zinc, compared with those on the south side. That means the 
concentrations of TSP can not represent the pollution extents of heavy metals in it.  
The variation of concentrations of all pollutants (TSP and heavy metals) in the air on both sides of the 
Shanghai-Nanjing expressway seems having no relation with the surroundings of sampling sites. This 
dose not match the findings in Yan Jun and Ye Zhixiang et. al [11]. The sampling sites chosen in this 
study are with comparative little greening on the north side and rich vegetables on the south side. But the 
vegetables seem having no effect on the pollution in fact. The weather condition, the size of trees and 
bushes should have impact on this result. In addition, the traffic on roads should be the main source of 
pollution. The factors affecting the concentrations of pollutants have not been studied in this paper. Thus, 
the specific relations between the concentrations of pollutants and the meteorological factors can not be 
determined yet. Further studies on this field are needed.  
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Table 4. The distributions of heavy metals (mg m-3) in autumn and winter from the study area along Shanghai-Nanjing expressway 
    Cadmium Chromium Nickel Lead Zinc 
    autumn winter autumn winter autumn winter autumn winter autumn winter 
North 
site 
max 0.52212 0.2273 1.2655 0.6091 1.0265 0.6000 1.0973 1.3832 587.7984 165.1882 
min -0.0089 0.0051 -0.0797 -0.0455 -0.0122 0.0101 0.0155 0.0505 0.3049 2.3232 
median 0.0850 0.0507 0.1973 0.1136 0.1678 0.1081 0.2301 0.2027 92.1168 32.8763 
average 0.1243 0.0805 0.2758 0.2003 0.2455 0.1933 0.3182 0.3913 128.6917 61.4545 
South 
site 
max 0.4273 0.2897 0.9182 0.7477 0.7788 0.7207 0.9818 1.9439 419.5172 382.6622 
min -0.0023 0.0048 -0.0435 -0.0833 0 -0.0185 0.0124 0.0370 0.4147 4.0740 
median 0.0740 0.0951 0.1612 0.2158 0.1402 0.1903 0.2288 0.3155 74.0967 102.1509 
average 0.1128 0.1152 0.2504 0.2667 0.2213 0.2477 0.3190 0.5459 108.0886 12.6480 
Table 5. The average concentrations of each heavy metal (mg m-3) in TSP in each sampling month  
Heavy metals  Cadmium Chromium Nickel Lead Zinc 
October  North site 0.16223 0.3673 0.31153 0.34576 165.8415 
 South site 0.12438 0.26886 0.23478 0.29145 124.0409 
November North site 0.09694 0.20962 0.19778 0.29822 101.8613 
 South site 0.10436 0.23709 0.21164 0.33881 96.56756 
December North site 0.08046 0.20029 0.19332 0.39133 61.45446 
 South site 0.11519 0.26665 0.2477 0.54585 126.648 
4. Conclusions 
It is concluded that the concentration levels of cadmium, chromium, nickel, lead, and zinc in TSP 
samples found in this study are significant high, especially the zinc. The average heavy metal 
concentrations at both sampling sites can be ranked by levels as: Zn > Pb > Cr > Ni > Cd. The main 
pollutants are zinc and lead. Because of the cumulative effects and refractory organics, these pollutants 
can easily influence the soils and agriculture products along the expressway.  
There are lots of vegetables on the south side of the sampling site of the Shanghai-Nanjing expressway, 
so that the TSP pollution at the north site in all sampling days seems much more serious than at the south 
site. It shows that the vegetables can adsorb pollutants, weaken the air movements, and protect the crops 
nearby. With the development of expressway construction, in order to prevent and control the traffic 
heavy metals pollution, the planting along expressways should be strengthen in the future.  
Heavy metal concentrations in the air at the sampling sites in the study area indicate that the air quality 
on both sides of the Shanghai-Nanjing expressway is seriously bad in autumn and winter. Most heavy 
metals are spread down to roadside soils and crop surface as particles with the air diffusion. So the 
concentration levels of heavy metals in roadside soils and agriculture products can best represent the long 
term environment impact of traffic. Further researches of roadside soils and agriculture products 
influenced by traffic should be carried out.  
Air pollution along expressways is an important research field abroad, but there have been few 
researches on it in China. And timely imperative steps are required to be taken to improve the present 
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situation. Researches on the following areas are needed: the long term impact on roadside environment by 
traffic, prediction models of heavy metals distribution along the expressways, strict laws for heavy metals 
concentration in air, and effective measures for controlling the air pollution along expressways.  
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